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Perform decoding complexity management based
upon input bit stream of adaptive complexity
video decoder, in order to determine whether to
reduce decoding complexity of at least one
component of a plurality of components within
adaptive complexity video decoder

912

Selectively reduce decoding complexity
of a portion of components within 914
adaptive complexity video decoder
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METHOD FOR ADAPTIVELY PERFORMING
VIDEO DECODING, AND ASSOCIATED
ADAPTIVE COMPLEXITY VIDEO DECODER
AND ADAPTIVE AUDIO/VIDEO PLAYBACK
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a continuation-in-part application and
claims the benefit of U.S. non-provisional application Ser.
No. 12/830,419, which was filed on Jul. 5, 2010 and 1s
incorporated herein by reference. The U.S. non-provisional
application Ser. No. 12/830,419 1s a continuation-in-part
application and claims the benefit of U.S. non-provisional
application Ser. No. 12/732,1777, which was filed on Mar. 25,
2010 and enftitled “LOW COMPLEXITY VIDEO
DECODER”.

BACKGROUND

The present invention relates to video decoding, and more
particularly, to a method for adaptively performing video
decoding, and to an associated adaptive complexity video
decoder and an associated adaptive audio/video playback
system.

When an end user 1s viewing a video program utilizing a
home theater system at home, encoded data of the video
program 1s decoded for being displayed on a display panel
of the home theater system, and the decoded results of the
encoded data can be scaled up or scaled down to meet the
s1ze and resolution of the display panel. Typically, a decod-
ing device of the home theater system can decode the
encoded data with ease, no matter how complicated the
algorithm for decoding the encoded data 1s, and no matter
whether the resolution of the video program 1s high or not.

It would be very convenient for the end user to own a
portable electronic device (e.g. a mobile phone or a personal
digital assistant (PDA)) that can be utilized for viewing the
same video program anywhere. However, when a research
and development (R&D) team of a manufacturer 1s design-
ing such a portable electronic device, some problems may
arise. For example, the decoding capability of the portable
clectronic device may be insuilicient in a situation where the
algorithm for decoding the encoded data 1s too complicated
and/or the resolution of the video program 1s high. In another
example, the power consumption may be too high when one
or more processing circuits within the portable electronic
device operate at the highest operation frequency available.
Thus, there 1s a need for highly eflicient and cost effective
video decoders, 1n order to playback video with acceptable
quality using portable electronic devices with limited com-
puting capability.

SUMMARY

It 1s therefore an objective of the claimed invention to
provide a method for adaptively performing video decoding,
and to provide an associated adaptive complexity video
decoder and an associated adaptive audio/video playback
system, 1n order to solve the above-mentioned problems.

It 1s another objective of the claimed invention to provide
a method for adaptively performing video decoding, and to
provide an associated adaptive complexity video decoder
and an associated adaptive audio/video playback system, 1n
order to selectively reduce the calculation load and the
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power consumption within a portable electronic device such
as that mentioned above and/or perform adaptive audio/
video playback adjustment.

It 1s another objective of the claimed invention to provide
a method for adaptively performing video decoding, and to
provide an associated adaptive complexity video decoder
and an associated adaptive audio/video playback system, 1n
order to selectively reduce complexity of decoding opera-
tions by selectively making one or more components therein
operate 1n accordance with the resolution of reconstructed
frames to be displayed, rather than the resolution of original
frames, since the resolution of a display panel of the portable

clectronic device 1s typically limited, and 1s typically lower
than the resolution of the original frames. As a result, scaling,
down the reconstructed frames sometimes can be avoided.

An exemplary embodiment of a method for adaptively
performing video decoding comprises: performing decoding
complexity management based upon a parameter represent-

ing processing capability related to an adaptive complexity
video decoder, 1n order to determine whether to reduce
decoding complexity of at least one component of a plurality
of components within the adaptive complexity video
decoder; and selectively reducing decoding complexity of a
portion of components within the adaptive complexity video
decoder.

An exemplary embodiment of an associated adaptive
complexity video decoder comprises a plurality of compo-
nents and a decoding complexity manager. The plurality of
components 1s arranged to perform operations related to
video decoding. In addition, the decoding complexity man-
ager 1s arranged to perform decoding complexity manage-
ment based upon a parameter representing processing capa-
bility related to the adaptive complexity video decoder, in
order to determine whether to reduce decoding complexity
ol at least one component within the adaptive complexity
video decoder. Additionally, the decoding complexity man-
ager selectively reduces decoding complexity of a portion of
components within the adaptive complexity video decoder.

An exemplary embodiment of an associated adaptive
audio/video playback system comprises an audio decoder
and a video decoder. The audio decoder 1s arranged to
perform audio decoding to generate audio information, and
the video decoder 1s arranged to perform video decoding. In
addition, the video decoder comprises a decoding manager,
wherein the decoding manager delays audio playback of the
audio information according to bit stream information of an
iput bit stream. In particular, the decoding manager of the
video decoder can determine delaying the audio playback
according to one or a combination of bit stream 1nformation
of the input bit stream, a parameter representing processing
capability, and a display bufler status. For example, accord-
ing to one or a combination of bit stream information of the
mput bit stream, the parameter representing processing
capability, and the display bufler status, the decoding man-
ager of the video decoder determines whether to delay the
audio playback. In another example, according to one or a
combination of bit stream information of the input bit
stream, the parameter representing processing capability,
and the display bufler status, the decoding manager of the
video decoder determines the delay amount of the audio
playback.

These and other objectives of the present mvention will
no doubt become obvious to those of ordinary skill 1n the art
alter reading the following detailed description of the pre-
ferred embodiment that 1s 1llustrated 1n the various figures
and drawings.
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BRIEF DESCRIPTION OF THE

DRAWINGS

FIGS. 1A-1B illustrate an adaptive complexity video
decoder according to a first embodiment of the present
invention.

FIG. 1C 1illustrates an adaptive audio/video playback
system according to a variation of the first embodiment.

FIG. 1D illustrates an adaptive complexity video decoder
according to a second embodiment of the present invention.

FIG. 1E illustrates an adaptive audio/video playback
system according to a variation of the second embodiment.

FI1G. 2 1s a flowchart of a method for adaptively perform-
ing video decoding according to one embodiment of the
present mvention.

FIG. 3 illustrates some operations that the decoding
complexity manager shown 1n FIG. 1B may trigger regard-
ing decoding complexity management of the method shown
in FIG. 2 according to an embodiment of the present
invention.

FIG. 4 1llustrates the associated quality and processing
speed of some operations/procedures that the decoding
complexity manager may trigger regarding the decoding
complexity management of the method shown in FIG. 2
according to an embodiment of the present invention.

FIG. 5 illustrates the associated quality and processing
speed of some operations/procedures that the decoding
complexity manager may trigger regarding the decoding
complexity management of the method shown in FIG. 2
according to another embodiment of the present invention.

FIG. 6 illustrates some operations/procedures that the

decoding complexity manager may trigger in different situ-
ations regarding the decoding complexity management of
the method shown 1n FIG. 2 according to another embodi-
ment of the present invention.

DETAILED DESCRIPTION

Certain terms are used throughout the following descrip-
tion and claims, which refer to particular components. As
one skilled in the art will appreciate, electronic equipment
manufacturers may refer to a component by different names.
This document does not intend to distinguish between
components that difler in name but not 1n function. In the
following description and 1n the claims, the terms “include”
and “comprise” are used 1n an open-ended fashion, and thus
should be interpreted to mean “include, but not limited
to ... ”. Also, the term “couple” 1s intended to mean either
an indirect or direct electrical connection. Accordingly, if
one device 1s coupled to another device, that connection may
be through a direct electrical connection, or through an
indirect electrical connection via other devices and connec-
tions.

Please refer to FIGS. 1A-1B, which illustrate an adaptive
complexity video decoder 100 according to a first embodi-
ment of the present imvention. The adaptive complexity
video decoder 100 comprises a fast variable length decoding,
(VLD) and mverse quantization module 110 (labeled “Fast
VLD and mverse quantization” i FIG. 1A), an inverse
transform unit 120 (labeled “Inverse transform” in FIG. 1A)
such as an mverse discrete cosine transtorm (IDCT) umit, a
motion compensation module 130 (labeled “MC module” in
FIG. 1A) comprising a temporal prediction unit 132 (labeled
“Temporal prediction” in FIG. 1A) and a spatial prediction
unit 134 (labeled “Spatial prediction” i FIG. 1A), an
arithmetic unit 140 such as an adder, a reconstructed frame
output unit 150 (labeled “Reconstructed frame out” in FIG.
1A) comprising a de-blocking filter such as an in-loop filter
152, and a frame storage 160 such as a frame bufler. In
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4

particular, the atorementioned de-blocking filter such as the
in-loop filter 152 1s an adaptive complexity de-blocking
filter. Please note that the temporal prediction unit 132 and
the spatial prediction unit 134 can be referred to as the inter
prediction unit and the 1ntra prediction umit, respectively. As
shown 1n FIG. 1B, the adaptive complexity video decoder
100 further comprises a resizer 170, a display time adjust-
ment driver 175, a display bufler 180, and a decoding
complexity manager 100M.

According to this embodiment, the fast VLD and inverse
quantization module 110 i1s arranged to perform fast VLD
and 1nverse quantization on an input bit stream 108 to
generate mverse quantization results 118, and the inverse
transform unit 120 1s arranged to perform inverse transform
on the mverse quantization results 118 to generate inverse
transform results 128. In addition, the motion compensation
module 130 1s arranged to perform motion compensation
according to the mput bit stream 108 and generate associated
prediction outputs 138, where the temporal prediction umit
132 1s arranged to perform temporal prediction and the
spatial prediction unit 134 1s arranged to perform spatial
prediction. As shown 1n FIG. 1A, the arithmetic unit 140 1s
arranged to sum up the inverse transform results 128 and the
prediction outputs 138 to generate reconstructed outputs
148, and the reconstructed frame output umt 150 1s arranged
to generate a plurality of reconstructed frames 158, where
the spatial prediction unit 134 performs spatial prediction
according to reconstructed data output from the recon-
structed frame output unit 150. In addition, the frame storage
160 1s arranged to temporarily store at least one portion of
the reconstructed frames 158, where the temporal prediction
umt 132 performs temporal prediction according to the
alorementioned at least one portion of the reconstructed
frames 158.

Referring to FIG. 1B, the resizer 170 1s arranged to
perform 1mage resizing (e.g. scaling up or scaling down an
image) when needed. In a situation where 1mage resizing 1s
performed, the image frames 178 comprise a resized version
of the reconstructed frames 158. In a situation where 1image
resizing 1s not performed, the 1image frames 178 comprise
the reconstructed frames 158, that 1s, the resizer 170
bypasses the reconstructed frames 158. In addition, the
display bufler 180 1s arranged to temporarily store the image
frames 178. Under control of the display time adjustment
driver 175, the image frames 178 that are temporarnly stored
in the display bufler 180 can be retrieved as output frames
188 for bemng displayed at approprniate time points corre-
sponding to audio playback of associated audio information.
Thus, by utilizing the display time adjustment driver 175,
the adaptive complexity video decoder 100 can synchronize
audio and video playback of an audio/video playback system
(not shown 1n FIGS. 1A-1B), 1 order to eliminate video
decoding delay (if exists). For example, video decoding
delay may occur when there 1s a heavy workload of video
decoding. Additionally, the decoding complexity manager
100M can perform decoding complexity management based
upon the mput bit stream 108 and display butler status from
the display builer 180. For example, the decoding complex-
ity manager 100M can selectively reduce decoding com-
plexity of a portion ol components within the adaptive
complexity video decoder 100. More specifically, the decod-
ing complexity manager 100M can generate a plurality of
control signals, such as the control signals C1, C2, C3, C5,
C6, and C7, according to the mput bit stream 108 and the
alorementioned display bufler status, in order to control
decoding complexity of associated components respectively

controlled by the control signals C1, C2, C3, C5, Cé, and C7
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(e.g. the fast VLD and inverse quantization module 110, the
inverse transform unit 120, the motion compensation mod-
ule 130, the reconstructed frame output unit 150, the afore-
mentioned de-blocking filter such as the in-loop filter 152,
and the display time adjustment driver 175) within the
adaptive complexity video decoder 100, respectively.

In particular, at least one portion of the adaptive com-
plexity video decoder 100, such as the temporal prediction
unit 132, the spatial prediction unit 134, the inverse trans-
form unit 120, the reconstructed frame output unit 150,
and/or the fast VLD and imverse quantization module 110,
may operate 1n accordance with the resolution of the recon-
structed frames 158, rather than the resolution of the original
frames represented by the input bit stream 108, 1n order to
reduce complexity of decoding operations. The reduced
resolution frame can be achieved by down sampling the
frame, for example, by selecting particular pixels to repre-
sent each block of the frame, such as selecting the bottom
right pixels of each 2 by 2 pixels. In an embodiment, the
temporal prediction unit 132 can operate in accordance with
the resolution of the reconstructed frames 158, rather than
the resolution of the original frames, in order to reduce
complexity of temporal prediction. For example, the tem-
poral prediction unit 132 can further estimate at least a
portion of partial information that has been omitted for use
of performing the temporal prediction. In addition, the
spatial prediction unit 134 can operate 1n accordance with
the resolution of the reconstructed frames 158, rather than
the resolution of the original frames, in order to reduce
complexity of spatial prediction. For example, the spatial
prediction unmit 134 can further estimate at least a portion of
partial information that has been omitted for use of perform-
ing the spatial prediction. According to this embodiment, the
inverse transiform unit 120 can operate 1n accordance with
the resolution of the reconstructed frames 158, rather than
the resolution of the original frames, in order to reduce
complexity of inverse transform. For example, the inverse
transform unit 120 can omit a portion of calculations of the
inverse transform by selecting one of a plurality of prede-
termined inverse transform functions F,- for use of the
inverse transform. In addition, the reconstructed frame out-
put unit 150 can operate i accordance with the resolution of
the reconstructed frames 158, rather than the resolution of
the original frames, in order to reduce complexity of gen-
erating the reconstructed frames. Based upon whether one or
more conditions are satisfied, the in-loop filter 152 can
selectively perform 1n-loop filtering for use of de-blocking
corresponding to one of a plurality of levels of complexity,
for example, full de-blocking, partial de-blocking, and skip
de-blocking. Additionally, the fast VLD and inverse quan-
tization module 110 can operate in accordance with the
resolution of the reconstructed frames 158, rather than the
resolution of the original frames, in order to reduce com-
plexity of performing fast VLD and inverse quantization.
More particularly, 1n order to reduce the complexity, the fast
VLD and inverse quantization module 110 can utilize a
lookup table comprising a main table and at least one
sub-table (e.g. one or more sub-tables) during decoding,
where the probability of utilizing the main table 1s higher
than that of the at least one sub-table due to a predetermined
arrangement ol the lookup table 1n a design phase of the
adaptive complexity video decoder 100.

According to some variations of this embodiment, at least
a portion of the adaptive complexity video decoder 100 can
omit partial information being processed by the portion of
the adaptive complexity video decoder 100, in order to
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reduce complexity of decoding the imput bit stream 108.
Similar descriptions for these vanations are not repeated 1n
detail here.

FIG. 1C 1illustrates an adaptive audio/video playback
system 50 according to a variation of the first embodiment.
The adaptive audio/video playback system 50 comprises an
audio decoder 52 and the adaptive complexity video decoder
100. The audio decoder 52 1s arranged to perform audio
decoding to generate audio mnformation 58. In addition, the
adaptive complexity video decoder 100 1s capable of per-
forming video decoding as disclosed in the first embodi-
ment. Please note that the decoding complexity manager
100M 1s arranged to perform decoding complexity manage-
ment based upon the input bit stream 108 when needed, and
the decoding complexity manager 100M selectively reduces
decoding complexity of a portion of components within the
adaptive complexity video decoder 100. For example, the
decoding complexity manager 100M reduces the decoding
complexity of one or more components within the adaptive
complexity video decoder 100. In another example, the
decoding complexity manager 100M delays audio playback
of the audio information 58, rather than reducing the decod-
ing complexity of any component within the adaptive com-
plexity video decoder 100. Thus, the decoding complexity
manager 100M can maintain audio/video playback synchro-
nization between video playback and audio playback of the
adaptive audio/video playback system 50 by properly delay-
ing the audio playback of the adaptive audio/video playback
system 50, in the case when the video decoder 1s not capable
of promptly decoding and outputting frames matched with
the audio playback. As shown in FIG. 1C, the decoding
complexity manager 100M generates at least one control
signal C0 to control whether to delay the audio playback of
the audio mformation 58 and/or the delay amount of the
audio playback of the audio information 38. In practice, the
decoding complexity manager 100M can determine delay-
ing the audio playback of the audio information 58 accord-
ing to one or a combination of bit stream information of the
input bit stream 108, a parameter representing processing
capability, and a display builer status. For example, accord-
ing to one or a combination of bit stream information of the
input bit stream 108, the parameter representing processing
capability, and the display bufler status, the decoding com-
plexity manager 100M determines whether to delay the
audio playback of the audio information 38. In another
example, according to one or a combination of bit stream
information of the input bit stream 108, the parameter
representing processing capability, and the display bufler
status, the decoding complexity manager 100M determines
the delay amount of the audio playback of the audio infor-
mation 358. Similar descriptions for this variation are not
repeated 1n detail here.

FIG. 1D illustrates an adaptive complexity video decoder
100-1 according to a second embodiment of the present
invention. This embodiment 1s a varnation of the first
embodiment. As shown in FIG. 1D, the aforementioned
de-blocking filter such as the 1n-loop filter 152 1s positioned
outside the reconstructed frame output unit 150 (labeled
“Reconstructed frame out” in FIG. 1D) of this embodiment,
rather than being positioned within the reconstructed frame
output unit 150. Please note that the implementation of the
other components within the adaptive complexity video
decoder 100-1 (e.g. the fast VLD and inverse quantization
module 110, the inverse transform unit 120, the motion
compensation module 130, the arithmetic umit 140, the
frame storage 160) can be the same as that of the associated
components within the adaptive complexity video decoder
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100 shown 1n FIG. 1A. In this embodiment, the elements 1n
FIG. 1B can also be coupled to FIG. 1D. Similar descrip-
tions for this embodiment are not repeated in detail here.

According to some variations of this embodiment, at least
a portion of the adaptive complexity video decoder 100-1
can omit partial information being processed by the portion
of the adaptive complexity video decoder 100-1, in order to
reduce complexity of decoding the input bit stream 108.
Similar descriptions for these variations are not repeated 1n
detail here.

FIG. 1E 1illustrates an adaptive audio/video playback
system 60 according to a variation of the second embodi-
ment. The adaptive audio/video playback system 60 com-
prises an audio decoder 62 and the adaptive complexity
video decoder 100-1. The audio decoder 62 1s arranged to
perform audio decoding to generate audio information 68. In
addition, the adaptive complexity video decoder 100-1 1is
capable of performing video decoding as disclosed in the
second embodiment. Please note that the decoding complex-
ity manager 100M 1s arranged to perform decoding com-
plexity management based upon the mput bit stream 108
when needed, and the decoding complexity manager 100M
selectively reduces decoding complexity of a portion of
components within the adaptive complexity video decoder
100-1. For example, the decoding complexity manager
100M reduces the decoding complexity of one or more
components within the adaptive complexity video decoder
100-1. In another example, the decoding complexity man-
ager 100M delays audio playback of the audio information
68, rather than reducing the decoding complexity of any
component within the adaptive complexity video decoder
100-1. Thus, the decoding complexity manager 100M can
maintain audio/video playback synchronization between
video playback and audio playback of the adaptive audio/
video playback system 60 by properly delaying the audio
playback of the adaptive audio/video playback system 60, in
order to deal with the problem of any video decoding delay.
As shown 1n FIG. 1E, the decoding complexity manager
100M generates at least one control signal such as the
aforementioned at least one control signal C0 to control
whether to delay the audio playback of the audio informa-
tion 68 and/or the delay amount of the audio playback of the
audio information 68. In practice, the decoding complexity
manager 100M can determine delaying the audio playback
of the audio information 68 according to one or a combi-
nation of bit stream 1nformation of the mput bit stream 108,
a parameter representing processing capability, and a display
bufler status, such as those mentioned in the embodiment
shown 1 FIG. 1C. For example, according to one or a
combination of bit stream 1information of the input bit stream
108, the parameter representing processing capability, and
the display bufler status, the decoding complexity manager
100M determines whether to delay the audio playback of the
audio information 68. In another example, according to one
or a combination of bit stream 1nformation of the input bit
stream 108, the parameter representing processing capabil-
ity, and the display buller status, the decoding complexity
manager 100M determines the delay amount of the audio
playback of the audio information 68. Similar descriptions
for this variation are not repeated 1n detail here.

By utilizing the architecture of any of the embodiments/
variations disclosed above, the complexity of video decod-
ing of respective components can be adjusted. For example,
under control of the decoding complexity manager 100M,
one or more components within the adaptive complexity
video decoder 100 of the first embodiment (or one of the
variations thereotf) or within the adaptive complexity video

10

15

20

25

30

35

40

45

50

55

60

65

8

decoder 100-1 of the second embodiment (or one of the
variations thereof) can operate with a lower level of video
decoding complexity. In another example, under control of
the decoding complexity manager 100M, all of the compo-
nents within the adaptive complexity video decoder 100 of
the first embodiment (or one of the variations thereof) or
within the adaptive complexity video decoder 100-1 of the
second embodiment (or one of the variations thereol) can
operate with the highest level of video decoding complexity
when 1t 1s determined that reducing the decoding complexity
of any component within the adaptive complexity video
decoder 100 or the adaptive complexity video decoder 100-1
1s not required. Referring to FIG. 2, more details are further
described as follows.

FIG. 2 1s a flowchart of a method 910 for adaptively
performing video decoding according to one embodiment of
the present imnvention. The method 910 can be applied to the
adaptive complexity video decoder 100 shown in FIGS.
1A-1B or the adaptive complexity video decoder 100-1
shown 1 FIG. 1D, and more particularly, to the decoding
complexity manager 100M of any of the embodiments/
variations disclosed above. The method 910 1s described as
follows.

In Step 912, the decoding complexity manager 100M
performs decoding complexity management based upon the
mput bit stream 108 of the adaptive complexity video
decoder under consideration (e.g. the adaptive complexity
video decoder 100 of the first embodiment or the adaptive
complexity video decoder 100-1 of the second embodi-
ment), 1 order to determine whether to reduce decoding
complexity of at least one component of a plurality of
components within the adaptive complexity video decoder
mentioned above. For example, the plurality of components
may comprise the fast VLD and inverse quantization module
110, the mverse transform unit 120, the motion compensa-
tion module 130, the reconstructed frame output unit 150,
the aforementioned de-blocking filter such as the in-loop
filter 152, and the display time adjustment driver 175.

In Step 914, the decoding complexity manager 100M
selectively reduces the decoding complexity of a portion of
components within the adaptive complexity video decoder
mentioned 1 Step 912. For example, the decoding com-
plexity manager 100M can selectively reduce the decoding
complexity of at least one portion (e.g. a portion or all) of the
fast VLD and 1nverse quantization module 110, the mverse
transform unit 120, the motion compensation module 130,
the reconstructed frame output unit 150, the aforementioned
de-blocking filter such as the in-loop filter 152, and the
display time adjustment driver 1735 at a specific time point.
In another example, the decoding complexity manager
100M reduces the decoding complexity of none of the fast
VLD and mverse quantization module 110, the mnverse
transform unit 120, the motion compensation module 130,
the reconstructed frame output unit 150, the aforementioned
de-blocking filter such as the in-loop filter 152, and the
display time adjustment driver 175 at another time point.

According to this embodiment, the decoding complexity
manager 100M can perform decoding complexity manage-
ment by referring to one or a combination of a display bufler
status of the display bufler 180, one or more parameter
representing processing capability of the adaptive complex-
ity video decoder mentioned 1n Step 912, and bit stream
information of the input bit stream 108, where the bit stream
information may comprise a bit rate, resolution, and/or
frame type. Some other examples of the bit stream infor-
mation comprise motion vectors, residuals such as direct
current (DC) values, IDCT coeflicients, a length of the bat
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stream, or the bit stream 1information that can be derived, for
example, based on comparison and/or historical statistics,
from the above exemplary bit stream information. In an
embodiment, the decoding complexity manger 100M adjusts
decoding complexity according to a variation of motion
vectors. The parameter representing processing capability
may comprise statistics of decoding time required per frame
(for example, an average decoding time per frame can be
used by the decoding complexity manager 100M), proces-
sor-related information (for example, number of available
CPU(s) for the adaptive complexity video decoder 100,
number of available GPU(s) adaptive complexity video
decoder 100, or any other type of processor-related infor-
mation), a temperature-related value related to the adaptive
complexity video decoder 100, any other parameter for
representing processing capability, or combination thereof to
tudge the current system capability and thus adjust decoding
complexity adaptively. In particular, the decoding complex-
ity manager 100M may perform decoding complexity man-
agement based upon all of the aforementioned display bufler
status of the display bufler 180, the aforementioned at least
one parameter, and the bit stream 1nformation of the input bit
stream 108.

FIG. 3 illustrates some operations that the decoding
complexity manager 100M may trigger regarding the decod-
ing complexity management of the method 910 shown 1n
FIG. 2 according to an embodiment of the present invention.
For example, the operations that the decoding complexity
manager 100M may trigger comprise operations of display
time adjustment, dropping frame (labeled “Drop frame” in
FIG. 3), de-blocking filter complexity adjustment, motion
compensation complexity adjustment (labeled “MC com-
plexity adjustment” 1n FIG. 3), intra prediction complexity
adjustment, inverse transform complexity adjustment, and
VLD complexity adjustment. Based upon one or a combi-
nation of the aforementioned display bufler status of the
display butler 180, parameter representing processing capa-
bility, and bit stream information of the input bit stream 108,
the decoding complexity manager 100M performs decoding,
complexity management and selectively trigger one or more
ol these operations.

FIG. 4 illustrates the associated quality and processing
speed of some operations/procedures that the decoding
complexity manager 100M may trigger regarding the decod-
ing complexity management of the method 910 shown 1n
FIG. 2 according to an embodiment of the present invention.
For example, the operations/procedures comprise opera-
tions/procedures of standard decoding flow, adaptive B
frame de-blocking (1.e. adaptively performing full or partial
B frame de-blocking (de-blocking for B frames) or skipping
B frame de-blocking), B frame simplified motion compen-
sation (labeled “B frame simplified MC” 1n FIG. 4), fast B
frame decoding (for example, decoding B frame 1n a down
sampling domain), dropping B frame (labeled “Drop B
frame” 1n FIG. 4), adaptive P frame de-blocking (1.e. adap-
tively performing full or partial P frame de-blocking (de-
blocking for P frames) or skipping P frame de-blocking), P
frame simplified motion compensation (labeled “P frame
simplified MC” 1n FIG. 4), fast P frame decoding, dropping
P frame (labeled “Drop P frame™ in FIG. 4), adaptive I frame
de-blocking (1.e. adaptively performing full or partial I
frame de-blocking (de-blocking for I frames) or skipping I
frame de-blocking), and fast I frame decoding. This 1s for
illustrative purposes only, and 1s not meant to be a limitation
of the present invention. The “Quality” label on the vertical
axis may indicate image quality, fluency, user perception,
system resource saving, or a combined evaluation of various
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quality indications. According to some variations of this
embodiment, the associated quality and processing speed of
these operations/procedures may vary in different situations.
For example, among the operations/procedures shown 1n
FIG. 4, the operation/procedure of dropping B frame (la-
beled “Drop B frame™ 1n FI1G. 4) can be inserted between the
operation/procedure of standard decoding flow and the
operation/procedure of adaptive B frame de-blocking. In
another example, among the operations/procedures shown 1n
FIG. 4, the operation/procedure of adaptive I frame de-
blocking can be 1nserted between the operation/procedure of
P frame simplified motion compensation (labeled “P frame
simplified MC” 1 FIG. 4) and the operation/procedure of
fast P frame decoding. In another example, among the
operations/procedures shown in FIG. 4, the operation/pro-
cedure of dropping P frame (labeled “Drop P frame™ 1n FIG.
4) can be next to the operation/procedure of fast I frame
decoding, and therefore, become the bottommost one among

the operations/procedures shown 1n FIG. 4.

In this embodiment, based upon a first strategy of achiev-
ing the best quality available, the decoding complexity
manager 100M can trigger the operation/procedure of stan-
dard decoding tlow when the problem of video decoding
delay 1s not an 1ssue. However, when it 1s determined that the
video decoding delay may occur (e.g. 1t 1s detected that the
hardware resources are suilicient and/or the decoding
workload 1s greater than a predetermined threshold), the
decoding complexity manager 100M can trigger one or more
operation/procedure, 1 order to prevent serious video
decoding delay and achieve the best quality that the decoder
may offer under current situation. For example, among the
operations/procedures shown 1n FIG. 4, the decoding com-
plexity manager 100M can trigger the next operation/pro-
cedure applicable (e.g. the operation/procedure of adaptive
B frame de-blocking, the operation/procedure of B frame
simplified motion compensation, etc.), in order to release the
hardware resources and/or reduce the decoding workload,
where an operation/procedure corresponding to a higher
quality level has higher priority to be executed when reduc-
ing the decoding complexity, and an operation/procedure
corresponding to a lower quality level will be executed last.
This 1s for 1llustrative purposes only, and 1s not meant to be
a limitation of the present invention. According to a varia-
tion of this embodiment, the decoding complexity manager
100M can operate based upon a second strategy of achieving
a predetermined level of quality, rather than achieving the
best quality. According to some other variations of this
embodiment, the decoding complexity manager 100M can
operate based upon some strategies of achieving the fastest
processing speed or a predetermined processing speed.

FIG. 5 illustrates the associated quality and processing
speed of some operations/procedures that the decoding
complexity manager 100M may trigger regarding the decod-
ing complexity management of the method 910 shown 1n
FIG. 2 according to another embodiment of the present
invention. In particular, the operations/procedures under
consideration 1n this embodiment comprise operations/pro-
cedures of utilizing normal de-blocking (labeled “Normal
de-blocking” 1 FIG. §), utilizing simple de-blocking (la-
beled “Simple de-blocking™ 1n FIG. 5), and disabling de-
blocking (labeled “Disable de-blocking” 1n FIG. §5). Please
note that the control mechanism of the decoding complexity
manager 100M can switch between these operations/proce-
dures according to a plurality of predetermined threshold
values T1 and T2, where the predetermined threshold values
T1 and T2 represent associated levels of quality.
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FIG. 6 1illustrates some operations/procedures that the
decoding complexity manager 100M may trigger in different
situations regarding the decoding complexity management
of the method 910 shown in FIG. 2 according to another
embodiment of the present invention. In particular, the
operations/procedures under consideration in this embodi-
ment comprise operations/procedures of B frame de-block-
ing oil, P frame de-blocking off, adaptive P frame de-
blocking, adaptive I frame de-blocking, and de-blocking off.
Please note that the control mechamism of the decoding
complexity manager 100M can switch between these opera-
tions/procedures according to a plurality of predetermined
threshold values T, T,, and T, where the predetermined
threshold values T, T ,, and T ; represent associated levels of
builer status. In this embodiment, the predetermined thresh-
old values T, T, and T, are utilized for determining
whether to turn on/ofl B frame de-blocking, P frame de-
blocking, and I frame de-blocking, respectively. In particu-
lar, 1n a situation where the display bufler 180 1s full or
almost full, the decoding complexity manager 100M does
not turn off any of I frame de-blocking, P frame de-blocking,
and B frame de-blocking. On the contrary, 1n a situation
where the display buller 180 1s empty or almost empty, the
decoding complexity manager 100M turns ofl each of 1
frame de-blocking, P frame de-blocking, and B frame de-
blocking.

More specifically, 1n a situation where the butler status of
the display bufler 180 (and more particularly, the bufler level
thereol) 1s between the predetermined threshold values T,
and T 5, the decoding complexity manager 100M turns ofl B
frame de-blocking, and triggers the operation/procedure of
adaptive P frame de-blocking (1.e. P frame de-blocking with
adaptive complexity). In addition, 1n a situation where the
builer status of the display bufler 180 (and more particularly,
the bufler level thereol) 1s between the predetermined
threshold values T, and T, the decoding complexity man-
ager 100M turns off P frame de-blocking and B frame
de-blocking, and triggers the operation/procedure of adap-
tive 1 frame de-blocking (1.e. 1 frame de-blocking with
adaptive complexity). Additionally, in a situation where the
builer status of the display bufler 180 (and more particularly,
the buller level thereof) 1s between the predetermined
threshold value T, and zero, the decoding complexity man-
ager 100M turns off I frame de-blocking, P frame de-
blocking, and B frame de-blocking.

In this embodiment, regarding the control mechanism of
adaptive complexity de-blocking, the decoding complexity
manager 100M can operate based upon a macroblock (MB)
based de-blocking scheme. For example, the decoding com-
plexity manager 100M can adaptively turn on/off I frame
de-blocking, P frame de-blocking, and/or B frame de-block-
ing according to the builer status and a bit stream length of
at least one portion (e.g. a portion or all) of the input bit
stream 108. This 1s for i1llustrative purposes only, and 1s not
meant to be a limitation of the present invention. According
to a vanation of this embodiment, regarding the control
mechanism of adaptive complexity de-blocking, the decod-
ing complexity manager 100M can operate based upon a
frame based de-blocking scheme. For example, the decoding
complexity manager 100M can adaptively turn on/ofl I
frame de-blocking, P frame de-blocking, and/or B frame
de-blocking according to the bufler status, a bit stream
length of at least one portion (e.g. a portion or all) of the
iput bit stream 108, a quantization step size (e.g. the
so-called QP value), an MB type, and/or edge strength.
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It 1s an advantage of the present invention that the present
invention method and the associated adaptive complexity
video decoder and the associated adaptive audio/video play-
back system of each embodiment/vanations disclosed above
can be applied to various kinds of digital video applications,
where at least one portion (e.g. a portion or all) of the
plurality of components within the adaptive complexity
video decoder can operate with a lower level of complexity
of video decoding. As the complexity of video decoding of
one or more components can be adjusted, the decoding
workload and the associated power consumption can be
adaptively reduced. Therefore, 1n contrast to the related art,
the present imvention provides great flexibility of imple-
menting digital video playback systems.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What 1s claimed 1s:

1. A method for adaptively performing video decoding,
comprising;

performing decoding complexity management based

upon a parameter representing processing capability

related to an adaptive complexity video decoder, 1n
order to determine whether to reduce decoding com-
plexity of at least one component of a plurality of
components within the adaptive complexity video
decoder, wherein the plurality of components com-

Prises:

a fast variable length decoding (VLD) and inverse
quantization module arranged to perform fast VLD
and 1verse quantization on an mnput bit stream of the
adaptive complexity video decoder to generate
inverse quantization results;

an 1nverse transform unit arranged to perform inverse
transform on the mverse quantization results to gen-
erate inverse transform results:

a motion compensation module arranged to perform
motion compensation according to the input bit
stream and generate associated prediction outputs,
wherein the motion compensation module com-
prises:

a temporal prediction unit arranged to perform tem-
poral prediction to generate at least a portion of
the prediction outputs; and

a spatial prediction unit arranged to perform spatial
prediction to generate at least a portion of the
prediction outputs;

an arithmetic umit arranged to sum up the inverse
transform results and the prediction outputs to gen-
erate compensated outputs;

a reconstructed frame output unmit arranged to generate
a plurality of reconstructed frames according to the
compensated outputs, wherein the spatial prediction
unit performs spatial prediction according to a cur-
rent reconstructed frame of the reconstructed frames;
and

a frame storage arranged to temporarily store at least
one portion of the reconstructed frames, wherein the
temporal prediction unit performs temporal predic-
tion according to the at least one portion of the
reconstructed frames; and

selectively reducing decoding complexity of a portion of

components within the adaptive complexity video

decoder.
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2. The method of claim 1, wherein the plurality of
components comprises:

a display bufler arranged to temporarily store a plurality

ol 1mage frames;

wherein the step of performing decoding complexity
management based upon the parameter representing
processing capability related to the adaptive complex-
ity video decoder, comprises:

performing decoding complexity management based
upon a display buller status of the display builer.

3. The method of claim 1, wherein the step of performing
decoding complexity management based upon the parameter
representing processing capability related to the adaptive
complexity video decoder comprises:

generating at least one control signal 1n order to control
decoding complexity of the portion of components
within the adaptive complexity video decoder.

4. The method of claam 1, wheremn the plurality of

components comprises:

a display time adjustment driver, wherein under control of
the display time adjustment driver, image frames tem-
porarily stored mn a display bufler are retrieved as
output frames for being displayed at time points of
audio playback of associated audio information,
respectively.

5. The method of claim 1, wherein the parameter repre-
senting processing capability related to the adaptive com-
plexity video decoder comprises statistics of decoding time
required per frame.

6. The method of claim 1, wherein the parameter repre-
senting processing capability related to the adaptive com-
plexity video decoder comprises processor-related informa-
tion related to the adaptive complexity video decoder.

7. The method of claim 1, wherein the parameter repre-
senting processing capability related to the adaptive com-
plexity video decoder comprises a temperature-related value
related to adaptive complexity video decoder.

8. An adaptive complexity video decoder, comprising:

a plurality of components arranged to perform operations

related to video decoding, wherein the plurality of

components comprises:

a fast variable length decoding (VLD) and inverse
quantization module arranged to perform fast VLD
and 1nverse quantization on an mnput bit stream of the
adaptive complexity video decoder to generate
inverse quantization results;

an inverse transform unit arranged to perform inverse
transform on the inverse quantization results to gen-
erate inverse transform results;

a motion compensation module arranged to perform
motion compensation according to the iput bit
stream and generate associated prediction outputs,
wherein the motion compensation module com-
prises:

a temporal prediction unit arranged to perform tem-

poral prediction to generate at least a portion of

the prediction outputs; and

a spatial prediction unit arranged to perform spatial
prediction to generate at least a portion of the
prediction outputs;
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an arithmetic umit arranged to sum up the inverse
transform results and the prediction outputs to gen-
erate compensated outputs;

a reconstructed frame output umt arranged to generate
a plurality of reconstructed frames according to the
compensated outputs, wherein the spatial prediction
unit performs spatial prediction according to a cur-
rent reconstructed frame of the reconstructed frames;

and

a frame storage arranged to temporarily store at least
one portion of the reconstructed frames, wherein the
temporal prediction unit performs temporal predic-
tion according to the at least one portion of the
reconstructed frames; and

a decoding complexity manager arranged to perform
decoding complexity management based upon a
parameter representing processing capability related to
the adaptive complexity video decoder, in order to
determine whether to reduce decoding complexity of at
least one component within the adaptive complexity
video decoder;

wherein the decoding complexity manager selectively
reduces decoding complexity of a portion of components
within the adaptive complexity video decoder.

9. The adaptive complexity video decoder of claim 8,
wherein the plurality of components comprises:

a display bufler arranged to temporarily store a plurality

of 1mage frames;

wherein the decoding complexity manager 1s arranged to
perform decoding complexity management based upon
a display bufler status of the display bufler.

10. The adaptive complexity video decoder of claim 8,
wherein the decoding complexity manager generates at least
one control signal according to the parameter representing
processing capability related to the adaptive complexity
video decoder, 1n order to control decoding complexity of
the portion of components respectively controlled by the
control signals within the adaptive complexity wvideo
decoder.

11. The adaptive complexity video decoder of claim 8,
wherein the plurality of components comprises:

a display time adjustment driver, wherein under control of
the display time adjustment driver, image frames tem-
porarily stored i a display buller are retrieved as
output frames for being displayed at time points of
audio playback of associated audio information,
respectively.

12. The adaptive complexity video decoder of claim 8,
wherein the parameter representing processing capability
related to the adaptive complexity video decoder comprises
statistics of decoding time required per frame.

13. The adaptive complexity video decoder of claim 8,
wherein the parameter representing processing capability
related to the adaptive complexity video decoder comprises
processor-related information related to the adaptive com-
plexity video decoder.

14. The adaptive complexity video decoder of claim 8,
wherein the parameter representing processing capability
related to the adaptive complexity video decoder comprises
a temperature-related value related to adaptive complexity
video decoder.
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